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* NOTICES * 

Japan Pat nt Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS — — 

[Claim(s)] , , j- • u ^u- 

rClaim 1 1 It is a multiple oxide containing a cerium oxide, a zirconium oxide, and an oxidization hatmum. l his 
multiple oxide contains 4.99 - 98.89 % of the weight of cerium oxides, 1 - 95 % of the weight of zircomum oxides, and 
0 01 - 20 % of the weight of oxidization hafiiiums. Furthermore, titanium oxide, a tungstic oxide, mckel oxid^a 
copper oxide, an iron oxide, An aluminum oxide, oxidization silicon, a beryllium oxide, a magnesium oxide. The 
multiple oxide which contains phi phase as a crystal phase, including the rare-earth-metal oxides or such mixture other 
than a calcium oxide, a strontium oxide, a barium oxide, and a cerium 0.1 to 10% of the weight, and has the oxygen 
uptake and discharge ability more than lOOmicromol/g in 400-700 degrees C. 

[Claim 2] The manufacturing method of a multiple oxide characterized by providing the following The solution which 
made the solution containing cerium ion, zirconium ion, and hafiiium ion contain titanium ion, tungsten ion, mckel ion, 
a copper ion, aluminum ion, siUcon ion, beryllium ion, magnesium ion, calcium ion, strontium ion, banum ion, rare 
earthmetalionsotherthanacerium,or0.1 - 10 %ofthe weight ofsuch mixture further The oxygen uptake and 
discharge ability characterized by calcinating this compound salt precipitation object at the temperature exceeding 400 
degrees C, and making phi phase generate as a crystal phase after mixing an aqueous ammoma solution, ammomum- 
bicarbonate solution, or oxalic acid solution and preparing a compound salt precipitation object 
[Claim 3] The manufacturing method of the multiple oxide which has the oxygen uptake and discharge ability 
characterized by calcinating to a cerium oxide, a zirconium oxide, and an oxidization hafnium at 700-1500 degrees C, 
and making them generate phi phase as a crystal phase after mixing and carrying out pressing of the oxides or such 
mixture of a rare earth metal other than titanium oxide, a tungstic oxide, nickel oxide, a copper oxide, an alummum 
oxide, oxidization silicon, a berylUum oxide, a magnesium oxide, a calcium oxide, a strontium oxide, a banum oxide, 
and a cerium. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of tiie Invention] 

rinduitrial Application] this invention can be used for the catalyst for exhaust gas pure, functional ceranucs, etc and 
S?sto thVLtiple oxide of the new gestalt which has especially excellent an oxygen uptake and discharge ability, 
and its manufacturing method. 

[Sption of the Prior Art] conventionally, improvement in the rate of purification wWch HC/CO/NOx which is an 

component is looked like [ improvement ], and receives is performed using the property of Ae cenum 
oxide of the cerium oxide being used in large quantities as the catalyst for exhaust gas pure, ceramics, etc. for 
eS^ple c^ng out an oxygen uptake under an oxidizing atmosphere in a catalyst field, and carrying out oxygen 

iSr reducing atJriosphere Moreover, in the ceramic field, it is used for conductive ceramics such^ a solid 
electrolk etc. as mixtvSe with other elements, and a compound using the property of the aforementioned c™ 
oxide As iie method of preparation of such a conventional cerium oxide, oxalic acid or an ammonium bicarbonate is 
added in the nitrate solution or chloride solution of a cerium, and the method of washmg, drymg and calcinating the 
settlings obtained a ** exception etc. is learned, for example. i • 

[00031 However, although the multiple oxide which makes a principal component the conventional cenum oxide 
manufactured by the aforementioned method etc. has an oxygen uptake and discharge ability, it cannot Perform 
sufficient oxygen uptake and discharge in 400-700 degrees C, and has the fault of a performance falling after the 

?oot]C-:~^^ 

discharge ability are known conventionally. As a manufacturing method of this multiple oxide after mixing tiie 
soSwWch made other metal ions contain, and an aqueous ammonia solution ammonium-bicarbonate solution^^^^ 
0x2 acid solution in the solution containing cerium ion, zirconium ion, and hafmum ion ^d preparing a compmm^^ 
Xrecipitation object in it, the method of sintering this compound salt precipitation object at tiie temperature of 300 
t^^^c TZl is shown in it. however, as for the aforementioned sintering temperatiire, 400 de^ees C or less are 
memit substantially - **** - it does not pass and is not taught about the crystal stiructiire of the multiple oxide 
Sed further having phi phase When the crystal structiire of this conv«itional niultiple oxide is T^^t^ff ^^^^^^^^ 
deSl in the example of coniparison mentioned later, it has become clear that it is tiie mixed phase of CaF2 tectofacies, 
alSe^gonal phLe, and a monoclinic phase (refer to drawmgJ ). On the other hand, phi phase of tetragonal s 
^o^^ a ctystal piase (V. Longo and D.MinichelliJ.Amer, Ceramic Soc, 56 (1973), 600.-Duran, M Goi^^ez, 
C M^e J.RJurado and C.Pasci^:J.Materials Sci., 25 (1990), 5001 .). It is reported that this phase is generated for the 
Stime by amiealing several months by 993K, and the manufactiire is very difficult Jvloreover, in the "J^Me oxide 
SSlglhe metallic oxide of a cerium oxide, a zirconium oxide, an oxidization hafinum, and others, the actiial 
condition is not conventionally known about what has phi phase. 

[P?obL(s) to be Solved by the Invention] The purpose of this invention is to offer the new multiple oxide which has 
outstanding oxygen uptake and discharge ability, and has phi phase as a crystal phase including a cenum oxide, a 

zirconium oxide, and an oxidization hafnium. . . ^ . ,.1 a u-^u /^Kfo1n 

m006] Another purpose of this invention is to offer the manufactiiring method of the multiple oxide which can obtmn 
indusiiaJy al^d eSy the multiple oxide which has outstanding oxygen uptake and discharge ability, and has phi phase 
as the crystal structure. 

[Mells for Solving the Problem] According to this invention, it is a multiple oxide containing a cerium oxide, a 
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zirconium oxide, and an oxidization hafiiium. This iftultiple oxide contains 4.99 - 98 89 % of the weight of cenum 
oxides 1 - 95 % of the weight of zirconium oxides, and 0.01 - 20 % of the weight of oxidization hafiuums. 
Furth^ore, titanium oxide, a tungstic oxide, nickel oxide, a copper oxide, an iron oxide, An aluminum oxide, 
oxidization silicon, a beryllium oxide, a magnesium oxide. The rare-earth-metd oxides or 0.1 - 10 % of the wei^t of 
such mixture other than a calcium oxide, a strontium oxide, a barium oxide, and a cenum is mc uded. The multiple 
oxide which contains phi phase as a crystal phase, and has the oxygen uptake and discharge ability more than 
lOOmicromoyg in 400-700 degrees C is offered. According to this invention, in moreover, the solution containing 
cerium ion, zirconium ion, and hafnium ion Furthermore, titanium ion, tungsten ion, mckel ion, a copper ion. 
Aluminum ion, silicon ion, beryllium ion, magnesium ion. The solution which made calcium ion, strontium ion, 
bSi 1^, rie-ea^^^ ion other than a Srium, or 0.1 - 10 % of the weight of such mixture contam. After mixing 
an aqueous ammonia solution, ammonium-bicarbonate solution, or oxalic acid solution and prepanng a compound salt 
precipitation object. This compound salt precipitation object is calcinated at the temperatjire exceeding 400 de^ees C, 
and L manufacturing method (the 1st manufacturing method is called below) of the multiple oxide wkch has the 
oxygen uptake and discharge ability characterized by making phi phase generate as a crystal phase is offered_ 
AoSrding to this invention, furthermore, to a cerium oxide, a zirconium oxide, and an oxidization hafiuum Titanium 
oxide, a tSngstic oxide, nickel oxide, a copper oxide, an aluminum oxide. Oxidization silicon, a beiyllium oxide, a 
magnesium oxide, a calcium oxide, a strontium oxide, After mixing the oxides or such mixture of the rare earth metal 
othS than a barium oxide and a cerium. Pressing is carried out, it calcinates at 700-1 500 degrees C ftid the 
manufacturing method (the 2nd manufacturing method is called below) of the multiple oxide which has the oxygen 
uptake and discharge ability characterized by making phi phase generate as a crystal phase is ottered. 

this invention is explained still in detail below. The multiple oxide (a multiple oxide A is callai be ow) whic^^ 
has the oxygen uptake and discharge ability of this invention contains the rare-earth-metal oxides or 0.1 - 10 /o of the 
weight (a metallic oxide besides the following is called) of such mixtiire other than titanium oxide, a tungstic oxide, 
nickel oxide, a copper oxide, an iron oxide, an aluminum oxide, oxidization silicon a beryllimn ^^^^e, ama^esn^^^ 
oxide, a calcium oxide, a strontium oxide, a barium oxide, and a cenum fiirther including 4.99 - 98.89 % of the weight 
of cerium oxides, 1 - 95 % of the weight of zirconium oxides, and 0.01 - 20 % of the weight Under tiie present 
circumstances, when the content rate of each component is outside the aforementioned range, sufficient oxygen uptake 

and discharge ability cannot be demonstrated. ^ , , ^i. li.- i a k 

[00091 In a 400-700-degree C temperature requirement, more than lOOmicromoVg, preferably, the multiple oxide A ot 
L invention has the oxygen uptake and discharge ability more than 1 50micromol/g and the valence of the cenum m 
^multiple oxide A is tetravalence at the time of manufacture, and serves as tiivalent by heatmg under reduction of tiie 
hydrogen air current middle class, and it produces such an oxygen uptake and discharge ability by tins val«ice change. 
Moreover, tiie zirconium and hafiiium to contain are a component which promotes the oxygen uptake and discharge 
ability of a cerium, and the valence is fixed at tetiravalence. Moreover, it has phi phase as the aystal sfructoe As for 
this phi phase, phi phase of tetragonal is known (V. Longo and D.Minichelli:J.Amer, Ceramic Soc, 56 0973), 600.- 
S M Gonzalez, C.Moure, J R.Jurado and C.Pascual:J.Materials Sci., 25 (1990), 5001.). In generated phi phase, the 
h-tetragonal phase of the amount of said and CaF2 tectofacies contain. This phi phase is a crystal phase which shows a 
peSthe field (1 1 1), the field (002), the field (200), the field (202), the field (220), the field (113), field (31 1) and 
(222) field of the X diffraction pattern computed by calculation, and can be identified according to an X ditfi-action 
rOOlOl According to tiie 1st manufachmng metiiod of tiiis invention, in order to prepare tiie aforementioned multiple 
oxide A In tiie solution containing cerium ion, zirconium ion, and hafiiium ion Titanium ion, tungsten ion mckel ion, a 
copper ion, iron ion. The solution containing aluminum ion, silicon ion, beryllium ion, magnesium ion, calcium ion, 
strontium ion, barium ion, otiier rare-earth-metal ion otiier tiian a cerium, or tiiese mixed ion. An aqueous ammonia 
solution, ammonium-bicarbonate solution, or oxalic acid solution is mixed, and a cenmn, a zircomum, and a hafiuum 
content Compound salt precipitation object are prepared first. The solution containing tins cenum ion, zircomum ion, 
SfiSm ion can be obtaLd by tiie metiiod of mixing for example, cerium-niti-ate solution and hafiuum content 

zirconium nitrate solution etc. , u„a,;,„v. 

room The concentration of tiie solution containing tiie aforementioned cenum ion, zurcomum ion, and habuum ion 
Lie out tiie oxide conversion of each ion, 30.200g /is [ 1. ] tiie range of 50-lOOgn^ especially preferably, and its h is 
[ tiie concentration of otiier metal ion solutions carries out the oxide conversion of tiie ion, and ] preferably desnrable m 
50-lOOg / Moreover, tiie blending ratio of coal of cerium ion, zirconium ion, hafiuum ^o^' oAct me al ions 
LnverlealionbyWweightrItioasanoxide,anditisdesirabletiiatiti^^ 

tiie present circumstances, when tiie mixed rate of otiier metal ions is less tiian 0.1 % of tiie weight, it is difficult to 
Soi2f Fl£^re!S'tiie case of an aqueous ammonia solution, in tiie case of 1-1 .5N, and ammonium-bicaibonate 
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solution 1-2 Ns when 50-200g /of concentration ofthe solution mixed in the aforementioned metal ion solution is [ 1. ] 
100-150g n]/md oxalic acid solution especially preferably preferably, it is [ 1. ] the ranges of 50-60gA. especially 
oreferably 50-lOOg /especially preferably preferably. Moreover, the mixed rate with the solution containing tiie 
aforementioned metal ion, an aqueous ammonia solution, ammonium-bicarbonate solution, or oxalic acid solution is a 
weight ratio, respectively, and 1 :1-1 :10 are desirable. Under the present circumstances, the compound salt precipitation 
objects obtained are for example, a compound hydroxide, a compound caibonate, etc. 

[0013] Subsequently, the multiple oxide ofthe request which has phi phase can be obtained by calcinating [at ti^e 
temperature which exceeds 400 degrees C for the aforementioned compound salt precipitation object ] 500-1000 
degrees C in 750-1000 degrees C for 1 to 10 hours especially preferably. When the aforementioned sintenng 
teiSperature is 400 degrees C or less, desired phi phase cannot be made to generate. Moreover, after hydrothermal 
processing etc. carries out a compound salt precipitation object beforehand, the aforementioned baking process can 
also be performed. This hydrothermal processing can usually be carried out with an autoclave etc., and it is desirable 
for the temperature in that case to be 100-135 degrees C, and for the range ofthe processmg ti«^e to be 0^5 - 1 hour. 
rOOHl Moreover, in order to prepare a multiple oxide A according to the 2nd manufactunng method of this invention, 
after mixing the oxides or such mixture ofthe rare earth metal other than titanium oxide, a tungstic oxide, mckel oxide, 
a copper oxide, an aluminum oxide, oxidization silicon, a beryllium oxide, a magnesium oxide, a calcium wtide, a 
strontium oxide, a barium oxide, and a cerium to a cerium oxide, a zirconium oxide, and an oxidization hafnium, 
pressing is carried out to them and it calcinates at specific temperature to them. A hafiuum content zirconium oxide can 
also be used as the aforementioned zirconium oxide and an oxidization hafnium. The blending ratio of coal of each 
aforementioned metallic oxide is a weight ratio, and it is desirable that it is tiie rate of tiie metallic oxides 01-10 
besides cerium-oxide 4.99-98.89:zirconium-oxide 1 - 95:oxidization hafiuum 0.01-20:. Whoi je niixed rate of a 
metallic oxide besides the above is less than 0.1 % ofthe weight, generation of phi phase is difficult 
[00151 In order to mix the aforementioned metallic oxide, mixing uniformly using the usual ball mill etc. is desirable. 
Next, pressing ofthe mixed metallic oxide is preferably carried out to tiie shape of a pellet etc^by the pressure of 200 - 
1000 kg/cm2 with a pressing machine. After tiiat, preferably, tiie obtained moldings is 900-1 300 de^ees C, and can 
obtain 700-1 500 degrees C of multiple oxides A of tiie request which has phi phase by carrying out heating sintenng 
for 1 to 10 hours. The obtained sintered compacts are grinders, such as a ball mill, and it is desirable to grind mid use 
for 1 0-100 micrometers preferably. Since an oxygen uptake and discharge ability will fall if generation of desired phi 
phase is not obtained and it exceeds 1500 degrees C when tiie aforementioned sintering temperatijre is less tiian 700 
degrees C, it is not desirable. 

[Effed ofthe Invention] Since tiie multiple oxide A of tiiis invention has phi phase as a crystal phase including a 
cerium oxide, a zirconi4i oxide, and an oxidization hafiiium, in a 400-700.degree C tempera^re requiremen , it sho^^ 
tiie oxygen uptake and discharge ability more tiian lOOmicromol/g, therefore replaces it with tiie conventional cenum 
oxide £d a cerium, and a zirconium multiple oxide, and is very usefiil in a catalyst field and a fimctional ceramic field. 
X J^cr in tiie m^nufactiiring metiiod of tiiis invention, tiie multiple oxide A which has tiie aforementioned phi phase 
can be obtained easily in a short time. 

[Example] Hereafter, altiiough an example and tiie example of comparison explain still in detail, this invention is not 
limited to tiiese. 

[Exmple 1] It was sintered after mixture with tiie ball mill, and 23.9g (triple-purpose metal industiy mco^orated 
company make : 99.9%) of cerium oxides, 25.7g (tiiple-puipose metal industiy incorporated company make, 98 83 /o 
STei^fof zirconium-oxide purity) of zirconium oxides containing 1.17 % of Ae weight of oxidization hafinums, 
and 0 4g (99 9% of purity) of general marketing calcium oxides were sintered at 1500 degrees C among j atter 
fabricathig a pellet ] attnospheric pressure as moulding pressure 500 kg/cm2 witii tiie pressing machine for 5 hours 
The ball mill ground tiiis pellet and 50g of multiple oxides was obtained. The oxygen uptake and tiie discharge ability 
property were measured using tiie electiochemical oxygen-pumping formula closed-circuit oxygen analyser shown m 
"d^jtion of tiie phase change of tiie praseodymium oxide thin fihn by tiie closed-circuit oxygen tools of analysis 
using tiie solid electiolyte" (Shinya Yao, tiie Zensaku Yukitsukarelectiochemistiy (electiochemistry association 
magazine) 61, No.2, P262 (1993)) in tiie obtained multiple oxide. A result is shown m Table 1. Moreover, when X 
Stion eqdpmekt (Shimadzu Corp. make) performed diffraction of tiie ^stal stiucture, it has -^eck^ ™ 
phase. The riult is shown in drawing! . Furthermore, composition of tiie obtained multiple oxide was 47 J /o ofthe 
wdSt of ciril oxides, 50.9 % of Ih^weight of zirconium oxides, 0.6 % of tiie weight of oxidization hafiuums, and 
0.8 % ofthe weight of calcium oxides. 
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[Example 2] 79ml of cerium-nitrate solution with a cerium-oxide concentration of 300g [/I. ] which dissolved in water 
and prepared the high grade cerium-nitrate solution (99.9% of purity [ Triple-purpose metal industry incorporated 
company make : ]), 68ml of zirconium-nitrate content solution of 25 % of the weight of zirconium-oxide concentration 
which dissolved in water and prepared the zirconium-nitrate content solution which contains a hafnium 1.17% of the 
weight to the zirconium whole quantity, 8ml of nitric-acid yttrium solution with a yttrium-oxide concentration of lOOg 
r/l 1 which dissolved in water and prepared the nitric-acid yttrium (99.9 % of the weight of purity [ Triple-purpose 
metal industry incorporated company make : ]) is mixed. Ce:Zr:Hf:Y=49.9: It is 47.8:0.7:1 .6 (weight ratio), and the 
cerium ion made into the multiple-oxide concentration of 50g/l., zirconium ion, hafiiium ion, and the yttrium ion 
content solution were prepared. , . • . j *i 

[0020] Subsequently, addition mixture of the 11. of the 150g [/I. ] ammonium-bicarbonate solution independently 
prepared in 11. of obtained solutions was carried out, and the settlings of a cerium, a zirconium, a hafiuum, and an 
yttrium content compound carbonate were obtained. 

[0021] The obtained compound carbonate was calcinated at 900 degrees C for 5 hours, and 50g of multiple oxides was 
obtained Composition of this multiple oxide is 47.6 % of the weight of cerium oxides, 50.2 % of the weight of 
zirconium oxides, 0.6 % of the weight of oxidization hafiiiums, and 1 .6 % of the weight of yttrium oxides, and it turns 
out that it has phi phase according to the X diffraction. Furthermore, the oxygen absorption/emission property of a 
multiple oxide was measured like the example 1 . A result is shown in Table 1 . 

[00221 , . , 

[Example 3] It was sintered after mixture with the ball mill, and 12.8g (99.9% of purity [ Triple-purpose metal industry 
incorporated company make : ]) of cerium oxides, 36.9g (98.83 % of the weight of zirconium-oxide punty [ Tnple- 
purpose metal industry incorporated company make : ]) of zirconium oxides contained 1.17% of the weight of 
oxidization hafiiiums, and 0.3g (99.9% of purity [ The Wako Pure Chem Industries make : ]) of magnesium oxides 
were sintered at 1300 degrees C among [ after fabricating a pellet ] the atmosphere as moulding pressure 500 kg/cm2 
with the pressurization machine for 5 hours. The ball mill ground this pellet and the multiple oxide was obtained. 
About the obtained multiple oxide, the oxygen absorption/emission property was measured like the example 1 . A resuh 
is shown in Table 1 . Moreover, composition of a multiple oxide is 25.6 % of the weight of cenum oxides, 72.9 % of 
the weight of zirconium oxides, 0.9 % of the weight of oxidization hafiiiums, and 0.6 % of the weight of magnesium 
oxides, and it turns out that it has phi phase as a result of an X diffraction. 

[0023] ... 
[The examples 1 and 2 of comparison] The multiple oxide was prepared by the wet coprecipitation method like the 
example 2 except having used a raw material which serves as composition shown in Table 1 . The oxygen 
absorption/emission property of the obtained multiple oxide was measured like the example 1. The result is shown in 
Table 1 . Moreover, the X diffraction as well as an example 1 was performed. The result is shown in drawing 2 . 

[iS'examples 3 and 4 of comparison] The multiple oxide was prepared by the dry-blending sintering process like the 
example 1 except having used a raw material which serves as composition shown in Table 1 . The oxygen 
absorption/emission property of the obtained multiple oxide was measured like the example 1 . The result is shown in 
Table 1 . Moreover, the X diffraction as well as an example 1 was performed. The result is shown in drawin g! . 
0025] 
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[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 ♦*** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 
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[ Drawin g 2] 




30' 40* 50' .60' 

miSrf^A (2 9) 0 : h,lE:»A^ 



[Translation done.] 



